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The second and largest open reading frame within the
southern bean mosaic virus (SBMV) genome encodes a 105 kDa
polyprotein.

Following translation, the polyprotein is

cleaved to liberate various proteins necessary for SBMV
replication.

The elements within polyproteins of the

picornavirus superfamily members have a conserved order: Vpg
(viral protein, genome-linked)-protease-replicase.

Amino

acid sequence homologies indicate that the 105 kDa protein
of SBMV contains a replicase very similar to those
identified in polyproteins of the picorna-like viruses.

The

presence of a VPg covalently attached to the 5' end of the
SBMV genome further suggests that SBMV may be considered a
member of the picornavirus superfamilySerine 558 within the SBMV polyprotein has been
proposed to be a catalytic residue of a serine protease.
Site-directed mutagenesis was used to create a mutant with a
glycine at this position, and coupled in vitro
vii

transcription/translation was used to prepare 3 H labeled
translation products.

SDS-PAGE and fluorography were then

used to assay for the presence or absence of polyprotein
cleavage.

Although site-directed mutagenesis was successful

in creating the mutant, a possible deletion that complicated
the interpretation of the results was identified.

viii

Introduction

Southern bean mosaic virus (SBMV), the Sobemovirus type
member, is a small icosahedral plant virus.

There are four

strains of SBMV and each differs in its host range.

The

cowpea strain of SBMV, SBMV-cp, infects Vigna sinensis
(black-eye pea).

The bean strain of SBMV may infect both

Phaseolus lunantus and Phaseolus vulgaris (kidney bean).
Two other SBMV strains, Mexican and Ghana, cause a

more

severe disease and have wider host ranges (Sehgal, 1981).
In addition to SBMV, rice yellow mottle virus (RYMV), turnip
rosette virus (TRoSV), cocksfoot mottle virus (CfMV), and
sowbane mosaic virus (SoMV) are also members of the
Sobemoviridae family (Sehgal,1981).

Members of this family

may be transmitted mechanically or by beetles that feed on
the host plant.
Sobemoviridae members possess positive-sense
(messenger-sense) RNA genomes of about 4500 nucleotides in
length.

The 5' ends of these viral genomes, unlike

eukaryotic mRNA, lacks the 5' CAP structure and are
therefore translated in a CAP-independent manner (Dougherty
and Semler, 1993).

A small protein, referred to as a VPg

(viral protein, genome-linked), is covalently attached to
the 5' end of the genome; its presence is required for
infectivity (Sehgal, 1981).

In contrast to the

picornaviruses, the 3' ends of sobemovirus genomes lack
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polyadenylation (Goldbach, 1987).

Sobemovirus capsids are

about 28nm in diameter and contain 180 copies of a 28 kDa
protein (Rossman, 1985). Currently, only two Sobemoviruses
have been sequenced: SBMV-cp and RYMV.

Four open reading

frames (ORFs) are present in both SBMV-cp and RYMV.

The

ORFs of these two viral genomes overlap to varying degrees
and share strikingly similar organizations (see Figure 1).

SBMV:
5' VPg-

ORF1

ORF3
ORF2

ORF4

-OH 3'

RYMV:
5' VPg

ORF1

DRF3
ORF2

ORF4

-OH 3'

1000 nucleotides
Figure 1. Open reading frame maps for SBMV from Wu et al.,
(1987) and RYMV from Yassi et al., (1994).

SBMV-cp has a genome approximately 4200 nucleotides in
length and contains four overlapping ORFs (See Figure 1).
The use of overlapping ORFs has allowed SBMV and RYMV to
make efficient use of their genome's protein encoding
potential. Such a strategy is beneficial when only a limited
amount of RNA can be packaged in the confines of a
nucleocapsid.

ORF1 encodes for a 20 kDa protein of unknown

3
function.

Potentially, 0RF3 could encode for a protein of

18.3 kDa, but such a product has not been detected in vitro.
The existence of a similar 0RF3 in RYMV, however, suggests
that this ORF may be necessary (Yassi et al., 1994).

The

products of ORF4 in both SBMV and RYMV encode for 28 kDa
capsid proteins which are translated from abundantly
produced subgenomic messenger RNAs. The investigation
presented here pertains to 0RF2 of SBMV which encodes a 105
kDa polyprotein of 956 amino acids.

Upon translation, the

105 kDa polyprotein of SBMV undergoes a series of site
specific cleavages to yield various nonstructural proteins
necessary for viral replication (Wu et al., 1987).
Of all positive-sense RNA viruses, expression and
processing of the picornavirus polyproteins have been the
most studied.

The genomes of the picornaviruses encode for

large polyproteins that are translated from a single large
ORF (Palmenberg, 1990).

Following translation, picornaviral

polyproteins undergo rapid cleavages that liberate the
entire set of proteins needed for replication and virion
packaging (for reviews see Hellen et al., 1989 and
Krausslich and Wimmer, 1988).

Many positive-sense RNA plant

and animal viruses express polyproteins that are similar in
organization to those of the picornaviruses (see Figure 2).
Due to these similarities, many plant and animal viruses
have been assigned to the picornavirus superfamily
(Dougherty and Selmer, 1993). Members of the picornavirus

superfamily are believed to have descended from a common
predecessor (Strauss and Strauss, 1988).

Polio virus
Hel

TO

Rep

{—AAAAAA

V

Cowpea mosaic virus
B-RNA
Hel

o-

Pro

Rep

-AAAAAA

V
M-RNA
-AAAAAA

0-

Tobacco etch virus
Hel

V Pro

Rep

-AAAAAA

FIGURE 2. Genomic organizations of viruses belonging to the
picornavirus superfamily. Notations are as follows:
Hel=helicase; Pro=protease; Rep=replicase; V=VPg. Taken from
Turnbull-Ross et al., (1993).

Based on deletion studies and amino acid sequence
homologies with other viral polyproteins, a model for the
SBMV-cp 105 kDa polyprotein has been proposed by Shannon
(see Figure 3). In this model, the SBMV 105 kDa
polyprotein's organization resembles that typically found in
picornavirus superfamily members (see Figure 2). In
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particular, the order of helicase, VPg, protease, and
replicase within these polyproteins is conserved.

y
E/5* 12/S
Helicase
60 kDa

Figure 3.

Protease
VPg

>(

QIS

14 kDa

Replicase

-COOH

32 kDa

Hypothesized organization of the 105 kDa

polyprotein of SBMV.

Domain assignments are as follows:

Helicase (1-499); VPg (500-539); Protease (540-664);
Replicase (665-956). Taken from Shannon, (1991).

Processing of the 105 kDa polyprotein is mediated by a
protease thought to be located between the VPg and replicase
regions.

As shown in Figure 3, the protease is hypothesized

to cleave at three dipeptide sequences, two QS (glutamineserine) sites and one ES (glutamate-serine) site, that
border each functional unit within the polyprotein.

Protein

structure predictions performed by Shannon (1991) indicate
that the dipeptide sequences may be located in areas of high
surface probability.
Two separate sites within the SBMV 105 kDa polyprotein
have been proposed by Shannon (1991) and Gorbalenya et al.
(1988) to comprise the protease (see Figure 4).

These sites

were suggested on the basis of amino acid sequence
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alignments with picornaviral cysteine proteases and serine
proteases.

To date, the characterized picornavirus

superfamily members express polyproteins that utilize a
cysteine within the catalytic center of their proteases.
Although classified as cysteine proteases, the 2A and 3C
enzymes of the poliovirus share greater homology with
members of the trypsin-like serine protease family that have
histidine, aspartic acid, and serine within their catalytic
centers (Bazan and Fletterick, 1988).

Both of the proposed

proteases sites within the 105 KDa polyprotein of SBMV
differ from the picornaviral proteases in that serine,
rather than cysteine, has been suggested as a catalytic
residue.
Based on alignments between viral and cellular
proteases, Gorbalenya et al. (1988) proposed that the SBMV
protease was located between residues 161 and 295 within the
SBMV polyprotein (see Figure 4A).

The main difficulty with

Gorbalenya's alignment is that the protease would be located
too far from the replicase to fit the pattern observed in
picornavirus superfamily members.

For members of the

picornavirus superfamily, the protease is invariably located
adjacent to the replicase (see Figure 2).

More recently,

the second site for the protease was suggested by Shannon
(1991) (see Figure 4B).
Shannon's alignments were derived by comparing
conserved sequences adjacent to the catalytic cysteines of
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other viruses to SBMV sequences.

Under his alignment, the

catalytic serine of the protease would be positioned between
the putative VPg and replicase regions within the SBMV
polyprotein.

It should be noted that Ser 558, proposed by

Shannon to be catalytic, is 18 residues away from the
possible cleavage site (QS) at positions 539-540.

The

assignments for serine 558 as a catalytic residue and the
nearby QS as a cleavage site may represent two valid but
mutually exclusive possibilities due to the insufficient
spacing between them.

If serine 558 is catalytic, the

remaining N-terminal residues of the protease would extend
through the putative cleavage site for several amino acids.

A.
162

295

I

I

lgfgarvyhegmdvlmvphHv

RlDFVLVKVPTA

PTAKGWSGTPLYTRDGI v

B.
544

I
SBMV:
FMDV s
EMCVs
POLV:
CPMV:

598

*

I

ISRKQRRSTEKASPGVPLSRLATTNKDLMAQHMQFVAACVTGRVPLLASFEDIH
LFAYKAATRAGYCGGAVLAKDGADTF.IVGTHSAGGNG.V.GYCSCVSR.SML.
CIHYKANTRKGWCGSALLADLGGSKK.ILGIHSAG...SM.GIAAA
SIVS
LM.YNFPTRAGQCGGVITCT.G...K.VIGMHVGG.NGSH.GFAAALKR.SYFT
YLEYEAPTIPEDCGSLVIAHIGGKHK.IVGVHVAGIQGKI.GCASLLPPLEPIA

Figure 4. A. Residues 162-295 of the SBMV polyprotein
proposed by Gorbalenya et al., (1988) to comprise the
protease. Amino acids in bold were proposed to comprise the
catalytic triad. B. Shannon's (1991) alignment of residues
544-598 of the SBMV polyprotein with known proteases of
other viruses. The catalytic cysteines (serine for SBMV) are
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marked with an asterisk. The underlined sequence will be
discussed later in the text. Abbreviations are as follows:
Foot and mouth disease virus (FMDV); encephalomyocarditis
virus (EMCV); poliovirus (POLV); and cowpea mosaic virus
(CPMV).

SBMV may differ from the majority of the picornavirus
superfamily members in that the two proposed protease sites
include serine rather than cysteine at the catalytic center
of the enzyme.

Within the catalytic triad of the

picornaviral proteases, cysteine's sulfhydryl group serves
to establish an intermediate covalent bond with the amide
carbonyl carbon of the substrate during catalysis.

Due to

the similar electronegativities, the R groups of serine
would be expected to effectively substitute for cysteine
within the catalytic center of these proteases.

This

prediction was verified by Verchot et al. (1992) when he
obtained lowered but detectable activity in the 35 kDa
protease of tobacco etch virus after substituting the native
catalytic cysteine residue with serine and then again with
threonine.
In this study, site-directed mutagenesis was used to
change the serine 558 codon to that of glycine in order to
investigate its role in protease activity.

The nature of

the ser->gly mutation was analyzed by comparing the sizes of
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mutant and wild-type translation products.

It was reasoned

that a lack of cleavage intermediates for the mutant
polyprotein would be indicative of a loss in proteolytic
activity due to the absence of serine 558.
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Materials and Methods

Computer Analysis
All DNA and protein sequence analyses were carried out
using IBI's MacVector sequence analysis software for the
Macintosh computer. The amino acid sequence predicted by
Shannon (1991) to comprise the SBMV protease was compared to
all sequences submitted to Entrez Release 8.0 on CD-ROM
using the pam250 scoring matrix.

Entrez is a nucleic acid

and protein database compiled and distributed by the
National Center for Biotechnology Information, the National
Library of Medicine, and the National Institutes of Health.
The 50 best alignments with Entrez were saved and used for
interpretation.

SBMV(cp) Clones
The pSelORF vector was derived after ligation of the
3462 bp SBMV cDNA Hind III fragment from SLORF 18 into the
multiple cloning site of the pSelect-1 plasmid (commercially
available from Promega).

The SLORF 18 vector has been

described previously by Shannon (1991). Figure 5 graphically
depicts the architecture of the pSelORF construct.

SBMV
cDNA

FIGURE 5. Vector map of the pSelORF plasmid used for
site-directed mutagenesis.

Preparation of Competent Cells
JM109 and BMH71-18 strains of E. coli competent cells
were prepared using 0.1 M CaCl2 trituration buffer (Maniatis
et al., 1982).

Preparation of Single Stranded Plasmid DNA
Single stranded pSelORF DNA was isolated following
11
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superinfection of JM109 harboring pSelORF with R408 as
described in the Promega Protocols and Applications Guide
(Promega, 1991).

Mutagenic Oligonucleotide Design and Preparation
A mutagenic oligonucleotide of 26 residues (see Figure
6) was designed to change the wild-type Ser 558 codon to
that of glycine while simultaneously introducing a new Nae I
restriction endonuclease site into the plasmid to facilitate
screening.

The mutagenic oligonucleotide was synthesized by

National Bioscience Industries (NBI).

Prior to its use in

the site-directed mutagenesis procedure, the 5' end of the
mutagenic oligonucleotide was phosphorylated using T4
polynucleotide kinase as outlined in the Promega Protocols
and Applications Guide (Promega, 1991).

Original:
(2224)...GATCAACCGAAAAGGCC
Nae
Mutant:
(2224)...GATCAACCGAAAAGGCC
Oligo:
3'-GGCTTTTCCGG

Ser
AGT CCAGGGGTCCCCCTCTCCCG...(2363)
I
I
GGC CCAGGGGTCCCCCTCTCCCG...(2363)
CCG GGTCCCCAGGG-5'
Gly

Figure 6. Mutagenic oligonucleotide designed for sitedirected mutagenesis. Nae I site is underlined.
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Site-Directed Mutagenesis
Site-directed mutagenesis was carried out as described
in the Promega Protocols and Applications Guide (Promega,
1991).

Mutagenic and ampicillin repair oligonucleotides (at

1.25 pmol and 0.25 pmol, respectively) were annealed to 0.05
pmol of single stranded pSelORF DNA in a total volume of
20 /iL.

The annealing reaction was maintained at 70 'C for 5

minutes and then allowed to cool to 30'C over a period of
1.5 hours.

Second strand synthesis was performed for 90

minutes at 37"C using 10 U of T4 DNA polymerase and 2 U of
T4 DNA ligase in a total volume of 30/jL. The mutagenesis
reaction mixture was then consecutively transformed and
isolated from BMH71-18 (repair minus) and JM109 strains of
E. coli, respectively.

Transformation
Both wild-type and mutant pSelORF plasmids were
transformed into JM109 and BMH71-18 strains of E. coli
competent cells as described in Current Protocols in
Molecular Biology (Ausubel et al., 1991).

Transformed cells

were grown in Luria broth containing 25 fig/mL tetracycline
and 50 /jg/mL ampicillin for wild-type and mutant plasmids,
respectively.

Plasmid Isolation and Purification
Mutagenized pSelORF DNA was isolated using the alkaline
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lysis protocol and purified by phenol extraction and ethanol
precipitation as described by Ausubel et al. (1991).
Contaminating RNA was removed from the plasmid preparations
by acidic phenol extraction (Wang and Rossman, 1994).

The

concentration and purity of the resulting plasmid DNA was
determined spectrophotometrically by measuring the
absorbance at 260 nm and 280 nm (Ausubel et al., 1991).

Nae I Restriction Digest Screening of Mutants
Nae I restriction digests of pSelORF mutants were
carried out overnight at 37'C with 1 unit of enzyme.

For

each digest, approximately 200 ng of DNA were used in a
total volume of 20 ^uL.

Agarose Gel Electrophoresis
Agarose gels containing 0.7% agarose were prepared
using a method similar to that described by McDonnell et al.
(1977).

Two modifications of this protocol included the use

of a microwave for dissolving the agarose and the addition
of 2 jj.li of 10 mg/mL ethidium bromide to 50 mL of the melted
gel prior to pouring and solidification.
Following solidification of the gel, each of the wells
were loaded with 25 /jL of sample (20 /jL Nae I digest + 5 juL
tracking dye).

One well on each gel was loaded with 5 /iL of

1 kb markers (GIBCO BRL).

Gels were electrophoresed in IX

TBE (89 mM Tris pH 7.2, 89 mM boric acid, 2 mM EDTA)

buffer
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for 45 minutes at 100 volts.

Following electrophoretic

separation, DNA bands were visualized on a UV
transilluminator.

Photographic records were obtained

using Polaroid 667 film (F=5.6, 1 second exposure, Tiffen
orange filter).

Coupled in vitro Transcription and Translation
In vitro transcription and translation of wild-type and
mutagenized plasmid was carried out simultaneously using a
coupled rabbit reticulocyte lysate system commercially
available from Promega.

The methods followed are outlined

in Promega Technical Bulletin 126 which accompanied the kit
(Promega, 1993).

All solutions not included with the kit

were prepared using diethyl pyrocarbonate treated ddH20.
Reactions were carried out in a total volume of 25 /iL
containing 1 y.q of circular plasmid DNA and a 55%
reticulocyte lysate mixture.

Ten units of SP6 RNA

polymerase were included in the reaction mixtures to
generate transcripts. Tritiated L-leucine (4,5,-3H),
obtained from ICN (122 Ci/mmol), was present in the reaction
mixture at 0.5 mCi/mL for radiolabeling the translation
products.

The reactions were incubated at 30*C for 2 hours.

SDS-PAGE and Flourography
Translation products were separated on the basis of
size using a one dimensional SDS-PAGE (sodium dodecylsulfate
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polyacrylamide gel electrophoresis) minigel (Laemmli, 1970).
The stacking and running gels contained 4.5% and 12.5%
polyacrylamide, respectively.

The gel and 10 yl> of

translation products were prepared and loaded as outlined in
Current Protocols in Molecular Biology by Ausubel et al.
(1991).

Five microliters of prestained molecular weight

markers ranging from 12.4 to 95.5 kDa (Diversified Biotech)
were loaded to one of the lanes.

The minigel was

electrophoresed at 40 mA for 5.5 hours with voltage limited
to 400 V.
Following electrophoresis, the minigel was fixed (10%
trichloroacetic acid, 10% acetic acid, 10% butanol) for 30
minutes. The minigel was then soaked in deionized water for
30 minutes and treated in 100 mL of Fluorohance (Research
Products International) for an additional 30 minutes. The
minigel was then placed on Wattman 3M paper and dried under
vacuum at 80"C for 3 hours.

Fluorography was carried out at

-70"C for 24 hours using Kodak X-OMAT AR X-ray film. The
film was developed for 2 minutes in developer/replinisher,
washed for 5 minutes, and fixed for 10 minutes.

DNA Sequencing
DNA sequencing by the dideoxy chain termination method
was carried out on both wild-type and mutagenized pSelORF as
described by Sanger et al. (1977).

A primer with the

sequence 5'-CCCAGGTCGAAGCCCCTTGC-3' was synthesized using
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the Applied Biosystems 394A DNA synthesizer.

Plasmids were

denatured with NaOH in the presence of sequencing primer and
ethanol precipitated overnight prior to use.

The chain

termination products were radiolabeled with [a-thio-35S]dATP
(1000-1500 Ci/mmol) acquired from Dupont NEN.

Following the

dideoxy chain termination reaction, products were separated
on a 6% polyacrylamide sequencing gel for 3 hours at 1200
volts.

The gel was fixed in a 10% methanol, 10% glacial

acetic acid solution for 20 minutes and dried at 80'C under
vacuum for one hour.

Autoradiography was carried out

overnight using Kodak X-OMAT AR X-ray film.

The film was

developed using a Kodak M35A X-OMAT processor.

Results

The sequence of amino acids proposed, by Tim Shannon,
to comprise the SBMV protease was aligned to Entrez
sequences using the pam250 scoring matrix within MacVector.
The results revealed that most of this sequence shares
extensive homology with the known replicase sequences of
several plant and animal viruses (see Figure 7). Six amino
acids, SPGVPL (residues 558 through 563), are well conserved
between SBMV and RYMV in a region that does not correspond
to replicase sequences (see Figure 7).

These six amino

acids coincide with Shannon's proposed catalytic center of
the SBMV protease.

The sequence VTGR, in Figures 4B and 7,

is underlined to facilitate comparison of the two
alignments.

A discrepancy exists between the homologies

shown here and those presented by Shannon.

With respect to

the poliovirus sequence, Shannon's alignment differs by an
N-terminal shift of 164 residues as compared to that shown
in Figure 7.

The shift is due to the extensive homology

between the replicase domains.
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SBMV:
RYMV:
PLMV:
BWYV:
BYDV:
PEMV:
CXSV:
SVDV:
BEV:
POLV:

539
588
!
I
*
I
Q S S SKIS RKORRRRS TEKAS PGVPLS RLATTNKDLMAOHMOF VAAC VTGR
s SPGVPLagLAnsNge vr gl ardl Vc 1 aVveR
dR
pdrlpvlAqltfdR
TvR
yVAlgikkR
yVAl gikkR
yVAmgikkR
yVAmgkkkR

SBMV:
RYMV:
PLMV:
BWYV:
BYDV:
PEMV:
CXSV:
SVDV:
BEV:
POLV:

589
637
I
I
VPLLAS FED I HAL S PTEMVEMGLCD PVRLFVKQEPHPS RKLKE GRYRLI
InaLASvdrqHnwtPrElVEkGLCDPVRLFVKnEPHPrRKLlErRfRLI
lqkmse-asfedmSaeElVqeGLCDPiRLFVKgEPHkqsKLdEGRYRLI
nf edmgPeElVrnGLCDPiRLFVKgEPHkqaKLdEGRYRLI
1-LtmSkasleArSPeqlVkenLCDPiRLFVKQEPHkqsKLdEGRYRLI
drLfrllnq-dfidPvqaVkdGLvDPiRLFVKlEPHkmeKirnkRYRLI
diLskktkDltkLkec-MdkyGLnlPmvtyVKdElrsaeKvakGksRLI
diLskktrDltkLkec-MdkyGLnlPmvtyVKdElrsaeKvakGksRLI
diLnketrDvtkmqec-idkyGLnlPmvtyVKdElrapdKirkGksRLI
diLnkqtrDtkemqrl-ldtvGinlPlvtvVKdElrsktKveqGksRLI

SBMV:
RYMV:
PLMV:
BWYV:
BYDV:
PEMV:
CXSV:
SVDV:
BEV:

638
665
I
I
SSVSIVDQLVERMLFGAQNELEIAEWQS
SSVSlVDQLVERMLFGpQNntEIst...
mSVSlVDQLVaRvLFqnQNkrEIslWrS
mSVSlVDQLVaRvLFqnQNkrEIAlWra
mSVSliDQLVaRvLFqrQNksEIAlW..
aSVSIVDQLVaRMLFrdQNE eE1
easSlnDsvamRqtFG
easSlnDsvamRqtFG
easSlnDsvamRcyFG

POLV:

easSlnDsvamRMaFG

FIGURE 7.
SBMV

Amino acid sequence alignments of the putative

protease with Entrez sequences. Uppercase letters

denote amino acids homologous to SBMV. Letters in bold
indicate residues

conserved in all.

putative catalytic serine.

An asterisk marks the

Amino acids C-terminal to "!"

correspond replicase sequences. The underlined "VTGR" serves
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as a reference for comparison with the alignment presented
by Shannon.

The double underlined residues in the

poliovirus sequence indicate an alternative cleavage site.
The virus groups are as follows. Sobemoviruses (plant):
southern bean mosaic virus (SBMV), rice yellow mosaic virus
(RYMV); Luteoviruses (plant): potato leafroll mosaic virus
(PLMV), beet western yellow virus (BWYV), barley yellow
dwarf virus (BYDV). Enteroviruses (animal): coxsackievirus
(CXSV), swine vesicular disease virus (SVDV), bovine
enterovirus (BEV), poliovirus (POLV).

Following site-directed mutagenesis, several hundred
ampicillin resistant JM109 colonies were obtained.

Thirty

six of these colonies were selected for screening.

After

preparing plasmid minipreps from the 36 colonies, 200 ng
from each were digested with Nae I and run on agarose gels.
An additional 15 61 bp fragment, not present in the wild-type
digestion, was indicative of successful mutagenesis (See
Figure 8).

Fifty-five percent of the 36 mutant plasmids

produced a 1561 base pair fragment after Nae I digestion.
One of these, pSelORFMl (mutant #1), was used for further
analysis.
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W+ M

1

3054-

«>* m m

20361635-

«m»
mm ^

<

1561 bp

1018-

FIGURE 8. Nae I restriction digests separated on a 0.7%
agarose gel.

The lanes for wild-type and mutant plasmids

are indicated by W+ and 1 respectively. One kilobase marker
lane is denoted with an "M".

Mutant plasmid has an

additional 1561 bp fragment as compared to wild-type.

A coupled in vitro transcription/translation system was
used to synthesize 3 H L-leucine labeled polyprotein from
both wild-type and mutant pSelORF plasmids.

Translation

products were then separated on a 12% SDS-PAGE minigel, and
fluorography was performed on the resulting gel (see Figure
9).

Both the wild-type and mutant translation products

generated identical bands on the SDS-PAGE autoradiograph.
In descending order of molecular weight, proteins of
approximately 105 kDa, 60 kDa, 55 kDa, 48 kDa, 30 kDa, and
three proteins in the 20 kDa range were observed for both
mutant and wild-type translation products.
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32

Figure 9. Autoradiograph of translation products.

Lanes

were loaded as follows: Wild-type (W+) Mutant (1).

DNA sequencing was performed on both mutant and
presumptive wild-type pSelORF plasmids to further verify the
fidelity of the mutation (see Figure 10A). The sequence of
both mutant and wild-type were read directly to compile the
sequences shown in Figure 10B.

Upon initial examination of

the sequences, it was discovered that the expected mutation
had been generated and the new Nae I site was present.
Further examination revealed that both wild-type and mutant
sequences lacked a guanosine corresponding to residue 2232
in the published SBMV-cp sequence presented by Wu et al.
(1987)
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Original
ACGT

Mutant
ACGT

*

Mutant:
Wild-type:
Published:

*

A G A T C A A C C . A A A A G G C C G G C C C A
A G A T C A A C C . A A A A G G C C A G T C C A
A G A T C A A C C G A A A A G G C C A G T C C A

Figure 10. A. Autoradiograph of DNA sequencing gel showing
both wild-type and mutant cDNA sequences. B. Interpretation
of sequencing gel along with the corresponding published
sequence (residues 2223-2246) from Wu et al. (1987).
Mutagenized sites annotated with asterisk and the new Nae I
site is underlined.

A period indicates a

absent in both wild-type and mutant.

base that is

Discussion

The SBMV polyprotein has been hypothesized to contain a
serine protease.

Based on homologies with other viral

proteases, Shannon (1991) proposed serine 558 to be a member
of the catalytic triad.

In this study, site-directed

mutagenesis was performed to determine if serine 558 is
necessary for protease activity. Specifically, the serine
558 codon (AGT) was changed to that of glycine (CGC).

This

two base pair change, at positions one and three within the
codon, also introduced a new and distinguishable Nae I
restriction site to facilitate screening.
Computer assisted restriction site analysis revealed
that the correct mutant would generate an identifiable 15 61
bp Nae I restriction fragment.

Fifty-five percent of the

mutants screened showed restriction digest patterns
consistent with the expected mutation (see Figure 8). One of
the mutants, pSelORFMl, was selected for coupled in vitro
transcription/translation.
During coupled in vitro transcription/translation, SP6
RNA polymerase was used to generate sense transcripts of
both mutant and wild-type 0RF2.

Rabbit reticulocyte lysate

and tritiated L-leucine within the reaction mixture enabled
the synthesis of radiolabeled translation products from the
SP6 transcripts. The translation products were then
separated on an SDS-PAGE gel, and flourography was performed
24
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to determine the approximate molecular weights of the
proteins.
For the wild-type, translation products of roughly
105 kDa, 75 kDa, 60 kDa and 14 KDa were expected as reported
previously by Mang et al. (1982) for SBMV-cp RNA.

If serine

558 is required for protease activity, a single 105 kDa band
would have been expected for the mutant's translation
products.

The results presented here, however, show

products of 105 kDa, 60 kDa, 55 kDa, 48 kDa, and 32 kDa for
both mutant and wild-type translations (see Figure 9).
DNA sequencing was performed on the mutant (pSelORFMl)
to verify the fidelity of site-directed mutagenesis.
Although mutagenesis was successful, a probable deletion was
discovered in both the original (wild-type) and mutant
(pSelORFMl) plasmids (see Figure 10B).

Assuming the

deletion is not artifactual, the product of ORF2 would have
been truncated to a 62 kDa protein due to a UAA stop codon
resulting from the frame-shift.

Indeed, the major product

from translation had an apparent mw of 60 kDa as observed on
the SDS-PAGE autoradiograph (see Figure 9).
Results from the SDS-PAGE autoradiograph also clearly
show the presence of a band approximately 105 kDa in
molecular weight (see Figure 9).

The 105 kDa band is

indicative of a full length translation product for ORF2 and
would not be expected in light of the deletion. Close
examination of the sequencing gel autoradiograph revealed no
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abnormalities such as band compressions or other ambiguities
in the corresponding area of the deletion.

Conceivably, the

105 kDa band may attributed to an aggregation of translation
products.

Insufficient solubilization and denaturation of

samples prior to loading the SDS-PAGE gel may have resulted
in the aggregation of a stable complex approximating the
expected size of the 105 kDa polyprotein.
The presence of the 48 kDa, 55 kDa and 32 kDa bands
that resemble cleavage intermediates on the SDS-PAGE
autoradiograph also need to be explained.

As suggested in

the in vitro transcription/translation protocol
(Promega,19 93), uncut plasmid was used to increase the
efficiency of transcription.

Transcription of the P~

lactamase (Ampr) may have resulted in the appearance of an
additional band on SDS-PAGE.

The p-lactamase encoding

region consists of 856 bp and has an estimated coding
capacity of 43 kDa (assuming 270 bp DNA = 10 kDa protein).
Premature termination of transcription by the SP6 RNA
polymerase most likely contributed to the presence of
truncated translation products.

If the polymerase

disassociated preferentially at specific sequences within
ORF2, a variety of truncated translation products would be
expected.

In order to avoid this problem in the future,

run-off transcripts should be prepared and separated on an
acrylamide gel.

Full length transcripts could then be

isolated from the gel for use in in vitro translation.
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The putative protease region of SBMV, as proposed by
Shannon (1991), was aligned with Entrez (see Figure 6).
Results from this alignment demonstrated that 68% of the
sequence corresponds to the known replicases of several
picornavirus superfamily members.

Based on this updated

alignment, it may be concluded that the replicase region
must range from at least positions 580 to 95 6 within the
polyprotein.

As such, this would appear to be in opposition

to the idea that a QS cleavage site at residues 664 and 665
could be cleaved to yield both functional replicase and
functional protease.
Correlations between amino acid homologies and cleavage
products can be deceiving.

For example, there are two

alternate ways in which the protease-replicase (3CD)
cleavage can occur in the poliovirus polyprotein.

Cleavage

at a QG site results in a protease (3C) and replicase (3D)
of the expected molecular weights.

Cleavage at a YG site

(double underlined in Figure 7) within the replicase yields
the alternative products 3C' and 3D'.

The significance of

this alternative cleavage event has not been determined (Lee
and Wimmer, 1988).
If the SBMV polyprotein resembles those of other
picornavirus-like members, residues located N-terminal to
the region of replicase homology would be expected to
comprise the SBMV protease.

The conserved order of VPg-

protease-replicase may be a consequence of the manner in
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which members of the picornavirus superfamily replicate
their genomes.

An N-terminal stretch of 40 amino acids of

SBMV sequence precedes the replicase homologies shown in
Figure 6.

Six amino acids, Ser-Pro-Gly-Val-Pro-Leu

(residues 558 through 563), within this N-terminal stretch
are conserved between RYMV and SBMV.

The first residue of

the hexapeptide sequence, serine 558, was proposed by
Shannon to be a catalytic residue within the SBMV protease.
The conservation of this sequence suggests that it may be
required for some aspect of sobemovirus replication.
Uncleaved 3CD has been demonstrated by Andino et al.
(1990) to bind a cloverleaf structure within the long 5'
untranslated region (UTR) of the poliovirus genome during
viral replication.

It was also revealed that mutations

disrupting the structure of the 5' UTR were deleterious to
replicase activity unless suppressed by a second site
mutation within the 3C protease (Andino et al., 1990).
The mechanism by which the 3CD complex might act during
viral replication has not been elucidated.

Previously, the

only known function of the 5' UTR was that of CAPindependent initiation of viral RNA translation (Andino et
al., 1990).
With respect to the sobemoviruses, Yassi et al. (1994)
have predicted the formation of a stem-loop structure within
the 5' UTR of RYMV.

A similar structure might also be

expected within the 5' UTR of SBMV.

Although speculative,
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the 5' UTRs of the sobemoviruses may interact with a
protease-replicase complex in a comparable manner to that
observed with the poliovirus UTR.
Before further experimentation on SBMV-cp cDNA is
performed, the nature of the deletion identified in this
study must be resolved.

It is likely the deletion occurred

during propagation of pSelORF prior to mutagenesis.

SL0RF18

contains the original SBMV-cp cDNA from which pSelORF was
derived.

DNA sequencing of SL0RF18 will establish what

measures should be taken.

If necessary, the deletion may be

reversed by insertional site-directed mutagenesis.

Once the

system has been corrected, the series of experiments
described here should be repeated.

Another investigation

should be carried out to determine the effects of various
protease inhibitors on proteolytic processing of the SBMV-cp
polyprotein.
Although a deletion has prevented us from determining
the role of serine 558, conclusions may be drawn based on
the homologies presented.

The region occupied by the

replicase appears to span from at least positions 580 to
956.

Residues N-terminal to position 580 may comprise

protease sequence, or alternatively, C-terminal replicase
sequences may be shared with the protease.

Lastly, the QS

residues beginning at position 664 is unlikely to comprise a
cleavage site that yields active replicase.
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